Introduction
The post-partum period is characterized by a low frequency of pulsatile LH release (see review by Peters & Lamming, 1986) . During the preovulatory period of the oestrous cycle, plasma LH concentrations rise and a marked increase in LH pulse frequency is observed (Rahe et al., 1980; Schallenberger et al, 1984; Peters, 1985) . Repeated injections of low doses of GnRH have been used to induce this pattern of LH release post partum in order to simulate the events of the pre¬ ovulatory period. Ovulation has been induced in varied proportions of cows by such treatment (Riley et al, 1981; Walters et al, 1982; Edwards et al, 1983) .
A pulsatile pattern of GnRH stimulation is necessary for the re-establishment of cyclic activity in monkeys after destruction of the arcuate nucleus (see Knobil, 1981) . In contrast continuous infusion of GnRH was successful in elevating plasma LH concentrations and inducing ovulation in seasonally anoestrous ewes (McLeod et al, 1983) . The relative importance of rising baseline LH concentrations versus increased LH pulse frequency in the induction of ovulation in the postpartum cow is not known. If effective in inducing ovulation, continuous administration of GnRH would have considerable practical application.
The present study was designed to examine LH, FSH and oestradiol-17ß responses to a range of GnRH doses, administered either as multiple 2-h injections or as continuous infusions over 48-h periods.
•Reprint requests to Dr A. R. Peters Hormone assays. Thrice weekly milk samples were assayed as described by Bulman & Lamming (1978) . The limit of sensitivity was 0-4 ng/ml and the coefficients of intra-and inter-assay variation were 8-9 and 10-6% respectively.
Cows were assumed to have ovulated in response to GnRH treatment when milk progesterone concentrations exceeded 3 ng/ml within 7 days of treatment.
Plasma LH concentrations were determined by specific double-antibody radioimmunoassay described by Webb et al (1977) using reference standard NIH-LH-B9. The limit of sensitivity was 0-48 ng/ml and the coefficients of intraand inter-assay variation were 111 and 8-7% respectively. An LH episode or pulse was classified as such if the highest concentration was at least 50% greater than the preceding baseline, at least two consecutive elevated points existed between the peak and the succeeding trough and the rate of decline in concentrations from the peak was consistent with the half-life of bovine LH (see Riley et al, 1981) .
FSH was assayed using the heterologous system of Webb et al (1980) . The limit of sensitivity was 22-4 ng NIH-FSB-B1 equiv./ml and coefficients of variation were 10-4% and 170% respectively.
Oestradiol-17ß concentrations were measured by the method of Glencross & Pope (1981) with the modifed extrac¬ tion procedure as described by Peters (1984) . The limit of sensitivity of the assay was 1-5 pg/ ml and the intra-and inter-assay coefficients of variation were 10-4% and 17-0% respectively. Samples were pooled over 2-h and 4-h periods for oestradiol-17ß analysis.
Statistical analysis was carried out by split-plot analysis of variance with animals as main plots and sampling periods as sub-plots. Variation within and between dose groups, animals and sampling periods, and their interactions, were calculated.
Results

Pretreatment period
Basal LH concentrations over the 12-h pretreatment period were 2-40 + 012 ng/ml. LH episodes occurred at a mean frequency of 3-68 + 0-27 per 12 h and mean episode amplitude was 4-83 ± 0-34 ng/ml with a range of 2-2-8-63 ng/ml. Pretreatment mean FSH concentrations showed considerable inter-animal variation (15-2-131-5 ng/ml) with a mean of 500 + 4-52 ng/ml. Pretreat¬ ment mean oestradiol-17ß concentrations also varied from < 1-5 pg/ml to 6-7 pg/ml with a mean of 3-15 ± 0-25 pg/ml.
Cows receiving multiple infections of GnRH
Episodic LH responses were analysed over the first 24 h of treatment. The amplitude of GnRHinduced LH episodes was dose-dependent (see Table 1 ). LH episodes occurred after most but not all injections of 1 µg GnRH and the amplitude of these episodes did not differ significantly from that of the natural episodes occurring in the pretreatment period. The LH episodes induced by 2-5 µg and 50 µg GnRH injections were more consistent. However, in the group receiving 2-5 µg per 2 h, LH episode amplitude was slightly greater over the second 12 h of treatment than over the first 12 h but was not significantly higher than pretreatment values (Table 1) . Injections of 5µg GnRH induced LH episodes of a magnitude significantly greater than that of natural episodes Fig. 1(a) and they increased in response to all doses of GnRH.
Since GnRH treatment induced preovulatory-type LH surges in 3 out of 6 cows in each group, a comparison was made of mean hormone concentrations between the 9 cows showing and those not showing such surges (Fig. 2a) . Mean LH concentrations were only significantly different between the two groups around the time of the LH surges while no significant differences in FSH concen¬ trations between groups were found at any time. However, oestradiol-17ß concentrations tended to be higher in the cows which exhibited LH surges in all periods but the last 12 h of treatment, these differences being significant during the first and third 12 h of treatment (P < 005; see Fig. 2a) .
Seven of the 9 cows which showed preovulatory-type LH surges during the sampling period also showed elevated milk progesterone concentrations (>3 ng/ml) within 7 days of the end of treatment (mean 4-6 days) and of a mean duration 8-3 ± 1-5 days. The 2 cows not showing this response both received the highest GnRH dose. Three of the 9 cows without such surges also showed elevated milk progesterone concentrations, these cows having received either 2-5 or 50 µg per 2 h.
Cows receiving continuous infusion of GnRH
The 12-h mean LH, FSH and oestradiol-17ß concentrations are shown in Fig. 1(b) . Continuous infusion of 10 µg GnRH per 2 h did not result in significant changes in 12-h mean concentrations of any of the hormones as compared to pretreatment levels. However in some individual cows a transient increase in LH secretion was observed during the early stages of infusion.
All 5 cows receiving 2-5 µg GnRH per 2 h exhibited preovulatory LH surges beginning between 1 and 6 h after the start of infusion (mean 2-9 ± 0-93 h). The peak height of these surges ranged from 16-8 to 43-9 ng/ml (mean 29-6 ± 5-3 ng/ml) and the duration ranged from 5 to 12 h (mean 8-6 + 1-3 h. In each cow, a coincidental FSH surge was observed and a secondary rise in FSH concentrations occurred 25-4 ± 2-4 h after the first. In this group the mean pretreatment oestradiol-17ß concentration was 4-75 + 0-68 pg/ml, compared to the mean pretreatment concentrations for all other cows of 2-87 ± 0-24 pg/ml (P < 0-01). These high concentrations persisted over the first 12 h of treatment and then decreased, remaining low for the remainder of the sampling period (see Fig. lb) . Three of the 5 cows receiving 50µg GnRH per 2h exhibited preovulatory-type LH surges beginning 40 + 1 -2 h after the start of infusion. The remaining two cows showed significant tran¬ sient increases in LH concentrations during the first few hours of infusion but these did not reach levels comparable to preovulatory surges. Coincident LH and FSH surges were found in 2 cows but all 3 showed a peak of FSH release 26-3 + 0-9 h after the LH surge.
A comparison of mean hormone concentrations in infused cows undergoing and those not undergoing preovulatory-type LH surges is shown in Fig. 2(b) . Significant differences in LH con¬ centrations were seen only at the time of LH surges. However, FSH concentrations were signifi¬ cantly lower in the responding group during the pretreatment period and during the second 12 h of infusion. Oestradiol-17ß concentrations were significantly higher during the pretreatment period and the first 12 h of treatment in the cows which exhibited preovulatory LH surges.
Milk progesterone concentrations were elevated ( > 3 ng/ml) within 7 days of the end of treat¬ ment in 6 of the 8 infused cows which showed preovulatory-type LH surges. The mean duration of these elevated concentrations was 7-5 ± 1-4 days. Of the 7 cows without preovulatory surges, 4 also had elevated milk progesterone concentrations within 7 days of treatment of mean duration 7-2 ± 3-3 days. (0) and successive 12-h intervals of the treatment period (1, 2, 3 and 4); fP < 01, *P < 005, ***P < 0001.
Discussion
The timing of the LH surges in cows receiving repeated injections of GnRH was much later than in those receiving continuous infusion and is consistent with the positive feedback mechanism due to a rise in follicular oestradiol-17ß secretion (Kesner et al, 1981) . It was not possible to stimulate and maintain moderate increases in tonic LH secretion consistently by continuous infusion of GnRH, but surges occurred very early at the 2 higher dose levels. A similar pattern of response to conti¬ nuous infusion has been observed in the ewe (Chakraborty et al, 1974; Shareha et al, 1976) , cyclic heifer (Cummins et al, 1974) , anoestrous beef cow (Lofstedt et al, 1981) and ovariectomized, hypothalamic-lesioned monkey (Belchetz et al, 1978) . However relatively high doses of GnRH were used in each of these studies.
The timing and magnitude of the early LH surge-type releases induced by continuous infusion were comparable to those resulting from high-dose bolus injections of 100-250 µg GnRH (Carter et al, 1980; Pratt et al, 1982) . The mechanism by which such low concentrations of GnRH can elicit this response when administered continuously is unclear. Given the short half-life of GnRH, e.g. 4-7 min in the rat (Redding et al, 1972) , it is possible that much of the GnRH administered in bolus form is redundant and therefore has little potential biological activity, especially if receptor numbers are limited. A low-level infusion could therefore result in the immediate release of the available pool of LH. The inability of GnRH infusion to maintain elevated LH concentrations might then reflect an absence of conversion of LH to releasable forms or possibly its further synthesis.
A GnRH infusion rate of 1 0 µg/2 h did not elicit the immediate high magnitude LH release seen with the other infusion doses but was still capable of stimulating a small increase in LH release in some cows. However, this response was not sustained throughout the infusion and LH concen¬ trations fell to pretreatment levels during the second 24 h of the treatment period. The reduction in the LH response to continuous GnRH infusion could possibly be explained in terms of increased oestradiol-17ß negative feedback at the pituitary level. However, the observation of a similar response in the ovariectomized rhesus monkey (Belchetz et al, 1978) would seem to contradict this, and in the present study LH and oestradiol-17ß concentrations both fell after the initial increase in LH release early in the infusion period. It has been suggested that intermittent delivery of GnRH might be necessary to permit the regeneration of GnRH receptors (Belchetz et al, 1978) or intracellular mediators (Labrie et al, 1979) in the anterior pituitary.
FSH concentrations were significantly lower during the pretreatment period in those infused cows which subsequently exhibited LH surges and the same trend was apparent in the repeatedinjection group (Fig. 2) . When the data for all cows were combined the differences were significant (P <001). It is suggested that animals which showed surges had more advanced follicular develop¬ ment at the time of treatment, the lower FSH concentration occurring as a result of negative feedback from ovarian follicles. The finding of higher oestradiol concentrations before treatment in animals which showed surges is also consistent with this hypothesis. However, the FSH data should be treated with some caution as there are differences between laboratories in assay techniques for bovine FSH and hence interpretation of data (e.g. Walters et al, 1984) . These findings would suggest that the patterns of GnRH treatment used in the present study were capable of inducing ovulation in mature follicles but were unable to stimulate the initial phases of follicular growth.
The occurrence of transient luteal responses to GnRH treatment in the majority of cows in this experiment agrees with many other reports (Carter et al, 1980; Pratt et al, 1982; Walters et al, 1982) . Short first luteal phases are also seen in about 50% of cows resuming cyclicity under natural conditions (see review by Peters & Lamming, 1984) . The observations that pretreatment with progestagens Scheffel et al, 1982) or combined oestradiol and GnRH therapy (Walters et al, 1982) can prolong the lifespan of induced corpora lutea support the suggestion that early exposure to elevated concentrations of ovarian steroids may be important in ensuring a normal luteal response to induced gonadotrophin release. Luteal function followed treatment in a small number of cows despite the lack of detection of a preovulatory gonadotrophin surge. It is not known whether a surge occurred after the end of the intensive sampling period or whether no surge occurred.
Although multiple injections and continuous infusion of low doses of GnRH for 48 h both induced preovulatory-type gonadotrophin surges in half the animals, neither treatment regimen overcame anovulation in all cows. The responsiveness of cows appears to be associated with lower plasma concentrations of FSH and higher concentrations of oestradiol-17ß. The considerable variation in oestradiol-17ß concentrations between animals could be explained by the occurrence of waves of follicular growth and atresia throughout the early post-partum period (Morrow et al, 1969 ).
It appears likely that during the early post-partum period the responsiveness of the anterior pituitary to exogenous GnRH is increased by exposure to increasing oestradiol-17ß concentrations. The poor ovulatory response to GnRH, even in some cows in which LH secretion was increased, suggests that longer periods of treatment may be necessary to take account of the natural variation between animals in cycles of follicular growth.
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